Abstract Interleukin 10 (IL10) is a poor prognostic marker in several cancers. Its role in breast cancer is not well elucidated. The present study is designed to see the expression of IL10 in breast cancer tissue and to evaluate its correlation with the established markers of prognosis. Sixty female patients who underwent surgery for breast cancer were enrolled for the study. Immediately after surgery, 2-5 g of tumour tissue and similar volume of peritumoural normal breast tissue were collected for IL10 assay. IL10 expression was assayed by immunohistochemistry. IL10 expressing tumours and IL10 non expressing tumours were compared. Chi square/Fisher exact test and student's t test were used to compare the data. p-valueless than 0.05 was considered as statistically significant. Thirty six patients (60 %) of carcinoma breast showed IL 10 expression in tumour tissue as compared to no IL 10 expression in any peritumouralnormal breast tissue (p < 0.01). IL10 expression had statistically significant correlation with locally advanced disease, tumour grade, HER2 + ve tumours and ER-ve, PR-ve, HER2 + ve breast cancer subtypes (p = 0.001, 0.001, 0.001 and 0.01 respectively). No correlation could be found with patient's age, tumour size, tumour histology and ER and PR status. Correlation of IL10 expressing tumours with several established poor prognostic markers of breast cancer may indicate the possible association of IL10 expression with poor prognosis. Large studies with long term follow up are needed to substantiate the association of IL10 with poor prognosis.
Introduction
Prognosis and treatment of breast cancer are commonly determined by patient's age, tumour size, lymph node status, tumour grade, molecular markers like estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) status. In the last few decades, there has been substantial progress in breast cancer management due to the advent of potent chemotherapy and ER, PR and HER2 status guided therapeutic regimes. However, the prognosis of breast cancer is still considered as poor [1] . To improve prognostications and therapeutic guidance, there has been continuous search for newer molecular markers [2] . Cytokines and its implications in breast cancer is an evolving area of active research.
Cytokines are low molecular weight glycoproteins and they play an important role in cancer pathogenesis [3, 4] . Interleukin 10 (IL10) is a cytokine secreted by almost all leukocytes including T cells, monocytes, macrophages, keratinocytes and by tumour cells [4, 5] . It plays a dual role on cancer pathogenesis. On the one hand, they are highly immunosuppressive, producing a conducive environment for cancer progression while on the other hand, they exhibit cancer inhibiting anti-angiogenic property [6, 7] . Several tumours express IL10. Raised serum concentrations of IL10 in lung cancer, bone sarcoma, gastric cancer, colon cancer, pancreatic cancer, hepatocellular carcinoma, malignant melanoma and diffuse B cell lymphoma are associated with adverse disease stage or with poor prognosis. Raised serum concentration of IL10 and the resulting immunosuppression seem to be a common feature in progressive cancer [4] .
The IL10 expression in the breast cancer and its role in breast cancer prognosis are not well elucidated. A few studies have documented IL10 expression in breast cancer [8] [9] [10] [11] . Serum IL10 concentration is raised in breast cancer patients compared to normal healthy females [12] , while other failed to show any association between breast cancer and serum IL10 concentration [13] . IL10 expressing tumours are often ER-ve and associated with apoptotic marker Bax, suggesting a possible aggressive behaviour of IL 10 expressing tumours [9, 10] .
This study has been designed to evaluate expression of IL10 in breast cancer and its correlation with known prognostic markers of breast cancers i.e. patient's age, tumour stage, tumour grade and ER, PR and HER2 status.
Materials and Methods
This was a prospective observational study conducted between November 2011 and March 2013. Prior approval from the Institute's Ethics Committee and informed consent from the patients were obtained. The female patients with breast cancer and planned for surgery were included in the study. Patients with in-situ cancers and patients with tumour size less than 1 cm were excluded. Sixty patients were enrolled. The clinical and demographic profiles of the patients were recorded in detail. Radiologically, tumours were graded according to BI-RADS scores as BI-RADS 0-6 [14] . Patients were classified according to American Joint Committee on Cancer Staging of Breast Cancer (AJCC 7th Edition). Patients with locally advanced carcinoma breast received neo adjuvant chemotherapy. The response to neo-adjuvant chemotherapy was assessed using the Response Evaluation Criteria in Solid Tumour (RECIST) criteria [15] . Patients underwent either a breast conserving surgery or mastectomy with axillary lymph node dissection. Depending upon the final histopathology of the tumour, patients were offered adjuvant chemo therapy, radiotherapy and endocrine therapy as per the treatment protocol of the department. Patients were followed up for six months.
IL 10 expression in the tumour as well as in the peritumour normal breast tissue was studied by immunohistochemistry. The details of histopathological and immunohistochemical analysis are described below.
Sample Collection and Immunohistochemistry
Two to five grams of tumour tissue and another sample from the normal peri-tumoural breast tissue were taken from the resected breast immediately after surgery. Specimen were fixed in 10 % buffered formalin, processed and embedded in paraffin. Paraffin section was stained with hematoxylin and eosin staining for histopathology and grading of the tumour (Bloom-Richardson Grading). Immunohistochemistry was done for detection of cytokine IL 10, ER, PR and HER2 following a standardized protocol described earlier [16] . A set of 5 μm-thick paraffin sections were cut. Formalin fixed tissues were deparaffinized in xylene and rehydrated gradually by dipping in 100 %, 95 % and 70 % alcohol and distilled water. Antigen retrieval was done by microwave treatment in citrate buffer (10 mM, PH-6.0). It was followed by serum blocking, application of diluted (1:100) primary antibody IL-10 (Abcam, Cat no. ab34843) and incubation overnight at 4°C. The secondary antibody application and staining was done following a standard protocol using Vectastain universal kit. (Cat. No. pk 8800) and Diaminobenzidine (DAB) substrate kit(cat. No. SK-4100). The sections were then counterstained with hematoxylin, followed by dehydration and finally mounted in DPX and evaluated under microscope. Immunoreactivity in the tissue was judged independently by two experts who were blinded to the clinical data. Negative controls were included in each slide run with omission of primary and secondary antibodies. Interleukin10 expression in tumour tissue was regarded as positive when 10 % or more tumor cells were positive.
Statistical Analysis
The categorical data was analyzed using Chi square/Fisher exact test wherever applicable. The ordinal data like tumour grading/BIRADS was analyzed by applying Chi square linear trend test. The student's t test was applied to compare continuous data in two groups. Computer software (SPSS/PC 20 version) was used to analyze the data. All the p-values less than 0.05 was considered as statistically significant.
Results
Thirty six patients (60 %) showed IL 10 expression in tumour tissue as compared to no IL 10 expression in any peritumour normal breast tissue which was statistically significant (p < 0.01) ( Table 1) (Fig. 1) .
Comparison of IL10 Positive (+Ve) and IL 10 Negative (-Ve) Breast Cancer Patients
The patients with IL10 + ve cancers and patients with IL10-ve cancers had similar demographic and clinical profile ( Table 2) . Radiological characteristics (BIRADS Score) were also comparable (Table 3) . However, patients with locally advanced breast cancer had statistically significant higher IL 10 expression as compared to patients with early breast cancer (72 % vs 29 %; p = 0.001) ( Table 3) .
Twenty eight patients received neo adjuvant chemotherapy. No association of IL 10 positivity with response to neoadjuvant chemotherapy could be seen (Fisher exact test, p = 0.83) ( Table 3) .
Fifty four patients had invasive ductal carcinoma and six patients had lobular carcinoma. The histological type had no correlation with IL 10 expression (Table 3 ). There was significant linear by linear association of IL 10 positivity and grade of tumour. There was increasing trend of IL 10 expression towards Grade III tumour; odds ratio being 1,1.6 and 7.88 in Grade I ,Grade II and Grade III respectively. (linear by linear association, p = 0.001)( Table 3) .
Thirty five patients were HER2 + ve breast cancer and 26 of these patients had IL10 expression in the tumour tissue, which was statistically significant (p = 0.001, Chi square test). There was no statistically significant correlation of IL 10 expression with ER + ve and PR + ve breast cancer (p = 0.75 and 0.24 respectively) ( Table 3) .
A subgroup analysis was done to see the patterns of IL 10 expression in ER, PR and HER2 subtypes. The tumours were classified as ER/PR+,HER2+ (Luminal B); ER/PR+, HER2-(Luminal A); ER/PR-,HER2+; ER/PR-,HER2-(Triple negative) [17] . We found statistically significant correlation between IL 10 expression and ER/PR-, HER2+ subtype. (Fisher exact test, p = 0.01) ( Table 4 ).
Follow Up
Fifty eight patients completed 6 months follow up. One patient had loco-regional recurrence with satellite nodules at three months followup. She had IL 10 expression in her tumour. The difference was not significant statistically (p = 1.00). The patient was given palliative radiotherapy and chemotherapy.
At six months follow up, three patients developed metastatic disease. One patient had IL 10 expression whereas the other two had no IL 10 expression in tumour tissue, this difference was not significant statistically (p = 0.056).
The patient who had IL10 positive cancer presented with ipsilateral satellite nodule and contralateral right breast lump. The biopsy of right breast lump was invasive ductal carcinoma, ER+,PR+ and HER2 + ve. This tumour also had IL 10 expression. She received chemotherapy and local radiotherapy. Subsequently, she developed progressive disease and underwent modified radical mastectomy on the right side too.
The second patient with the metastasis did not show IL 10 expression in her tumour. She had stage IIIA tumour and received neoadjuvant chemotherapy and underwent modified radical mastectomy. She developed metastasis in the lung after 6 months.
The third patient with metastasis also did not show IL 10 expression in her tumour. She received neoadjuvant chemotherapy followed by modified radical mastectomy and adjuvant radiotherapy. She developed vertebral metastasis. in breast cancer tissue and none of the normal healthy tissue had IL10 expression [10] . 60 % of our breast cancer patients expressed IL10. Strategies to neutralise IL10 in the tumour microenvironment might have the potential for targeted therapy [9, 20] . However, the complex role of IL10 in cancer initiation and progression makes its therapeutic potential debatable [6, 18] . On the one hand, IL10 is a strong immunosuppressing cytokine [4] . It inhibits the presentation of tumour associated antigen by tumour cells and antigen presentation by macrophages and Langerhan's cells [19] . The T cell proliferation and functions are also inhibited by IL10 [20, 21] . Thus, the IL10 produced by the tumour cells is helping them to suppress the host immune response and prevent their detection and elimination by the host immune system [11] . On the other hand, IL10 also exhibits tumour inhibiting antiangiogenic action [6, 7] . This dual nature of IL 10 complicates any attempt to manage breast cancer with IL10 as therapeutic target [5] , and it's an area for further research.
Another interesting aspect of our study is that expression of IL10 might serve as a biomarker for poor prognosis in breast cancer. In several cancers serum IL10 concentration is associated with advanced disease stage and negative prognosis [4] . In breast cancer, although, the role of IL10 as a biomarker for prognosis is not elucidated, a possible aggressive behaviour of IL10 expressing tumours has been suggested by a few researchers. Lianes -Fernandez et al. noted statistically significant correlation of IL 10 expression in breast tissue with apoptotic marker Bax. The author suggested that IL10 might be an anti-apoptotic factor; its expression along with high expression of Bcl2 family protein in the tumour micro-environment, might reflect the aggressiveness of the tumour [9] . Chavey et al. found no correlation of IL10 expression with patient's age, tumour size, histological type, lymph node and HER2 status of the tumour. They showed a significant correlation of IL10 expression with tumour grade, ER-ve and PR-ve tumours. These authors also suggest the possible association of IL10 expression with aggressive behaviour of the tumours [10] .
Our findings of significant correlation of IL 10 expression with locally advanced disease, tumour grade, HER2 + ve tumour and with ER-ve, PR-ve, HER2 + ve sub-types of breast cancer have prognostic significance. HER2 + ve breast cancers are associated with increase cell proliferation and motility, increased angiogenesis and tumour invasiveness and decreased apoptosis. HER2 + ve tumours are also more likely to be of high grade [22] . Fortunately, HER2 expressing tumours are amenable to highly effective targeted therapy. These targeted therapies have improved the prognosis in these group of patients, however, in absence of targeted therapy, HER2 over expressing tumours are associated with worse prognosis [23, 24] . Our findings of positive association of IL10 expression with higher grade and HER2 + ve tumours also supports the theory that IL10 expressing tumours are aggressive tumours [9, 10] .
IL10 expressing tumours correlate significantly with ERve, PR-ve and HER2 + ve sub types of breast cancer. Triple negative tumours and ER-ve, PR-ve and HER2 + ve tumours are of worse prognosis among the different sub types [17, 25, 26] . A few studies even associated ER-ve, PR-ve and HER2 + ve sub types with worst prognosis among the different subtypes [27, 28] . ER-ve, PR-ve and HER2 + ve tumours are also associated with increased risk of loco regional recurrence following breast conservation surgery [29] . In absence of long term outcome data of IL10 expressing tumours, these clinical evidences indirectly suggest that IL10 expression may be a bio marker of poor prognosis. We could not find any co relation of IL10 expression with local or distant failure, however, the study was small with limited follow up of 6 months.
Conclusion
There is significantly higher expression of IL10 in tumour cells in comparison to normal breast tissue in patients with breast cancer. We did not find any correlation of IL10 expression with patient's age, tumour size, lymph node status, tumour histology and ER and PR status. IL10 expression correlates statistically significantly with locally advanced disease, tumour grade, HER2 + ve status and ER-ve, PR-ve and HER2 + ve subtypes of breast cancer. Due to the short follow up of the study, correlation of IL10 expression with clinical outcome in terms of disease free or overall survival could not be ascertained. Nevertheless, this study has put forward an additional insight that IL10 may be a crucial bio marker of 
